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In our previous paper [1] we proposed a new method for determination of electronic-vibro- 
O ' rotational (rovibronic) term values of diatomics from experimental data on the wavenumbers 
^ \ of rovibronic spectral lines. In contrast to existing techniques, this new one is based on the 
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Rydberg — Ritz principle (Bohr frequency rule) only: 

.Jl'v'J' rp rp 

V n"v"J" — 1 n'v'J' — J-n"v"J"i 



where v^fj JU are meassured wavenumbers, and T nvJ are corresponding term values, n indicates 
O-r electronic state, v and J — vibrational and rotational quantum numbers, upper and lower states 



being marked by single and double primes correspondingly. 



J|h , It is shown that a link between a set of rovibronic term values and a set of wavenumbers 



of observed rovibronic spectral lines appears only when three and more different electronic- 
vibrational (vibronic) states are pairwise-connected by radiative transitions. The method differs 
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>> from known techniques in several aspects, namely, it: 
o 1) doesn't need any assumptions concerning an internal structure of a molecule; 

2) doesn't involve any intermediate parameters such as molecular constants in the traditional 
> . approach; 

3) gives an opportunity to use in one-stage optimization procedure all available experimental 
data obtained for various band systems, by various authors, and in various works; 
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4) provides the opportunity of rational selection in an interactive mode of the experimental 
data, eliminating rough errors, to revise wrong identifications of spectral lines and to compare 



CO , 

various sets of experimental data for mutual consistency; 



5) allows independent estimation of experimental errors and analysis of the shape of error 
distribution; 

6) allows to obtain not only an optimal set of rovibronic term values, but also the error bars 
^ ■ determined only by quantity and quality of existing experimental data. 

The method is based on the minimization of the weighted mean-square deviation between 
observed and calculated (as differences of adjustible term values) values of rovibronic line 
wavenumbers: 
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where (J^'J'j" are their standard deviations, and sum is over all existing experimental data. 
Due to the linearity of the equations used, the optimization problem comes to solving a system 
of linear algebraic equations. 
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The goal of present work was a study of applicability and main features of the method within 
an example of certain molecule, namely 11 B 1 H isotopomer of boron hydride. This molecule was 
chosen taking into account following considerations: 

1. BH has the developed rotational structure. 

2. There are available spectra from far infrared (2000 cm -1 , rotational- vibrational transi- 
tions) to far ultraviolet (70000 cm -1 , rovibronic transitions), obtained in many works for many 
band systems. 

3. Non-equilibrium low-pressure plasmas containing boron and hydrogen species are of 
interest in astrophysics and numerous applications like surface treatment of hard metals, pro- 
duction of semiconductors and thermopolymers, jets of rocket engines and others. Emission 
bands of BH molecule are known to be an obligatory spectral feature of such plasma. 

As sources of experimental data on the wavenumbers of singlet rovibronic spectral lines were 
taken all know by now to authors works [2-11] on this topic. We restricted ourselves to singlet 
states and transitions only due to their simplicity and a circumstance that there is only one 
paper [12] on the experimental study of multiplet transitions (6 3 £ - — a 3 U band system) with 
partialy unresolved triplet structure. 

Grothrian diagram of vibronic levels and the transitions between them is shown in fig. 1. 
In tab. 1 are cited volumes of experimental wavenumbers for each vibronic band. One may 
see that the distribution of investigated lines over vibronic states is highly nonuniform. For 
example, the information on rotational levels of ground vibronic state v = contains 

in wavenumbers of 14 bands belonging to 11 band systems, explored in 9 various works. At 
the same time some of high vibronic and electronic states have only one band experimentally 
studied in only one work. The K l H + state was observed in [6] only, and identification for 
rotational lines cannot be assumed as reliable, thus we did not include this state in present 
work. 

The method under consideration requires mean-square errors of wavenumbers being used in 
process of term values determination for three purposes. Firstly, weightening of input data in 
depends on these values. Secondly, selection of input data is based on comparison of deviations 
between calculated from derivable term values and meassured wavenumbers and estimated 
experimental errors. Thirdly, the estimations of output term values errors are calculated from 
the input wavenumber errors. 

Unfortunately only few original works with experimental data on wavenumbers contain 
information on accuracy of listed values. And even if error estimations are mentioned, they seem 
to be doubtful. For example, in [6] is stated following: "The relative accuracy of meassurement 
of the strongest unblended lines is thought to be of the order of ±0.05 cm -1 ." While there 
is absolutely incomprehensible which of the lines are strongest, what is the accuracy for other 
lines, etc. In several works only used spectral resolution is refered. 

According to such situation it was necessary to obtain independent estimations of wavenum- 
ber errors, fortunately our method provides this opportunity. 
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Ultimate results of these estimations are listed in tab. 2. During the analysis we detected 
that data in [2] and [4] contain systematic errors of order 0.05. . .0.10 cm -1 thus these work 
were excluded from furter analysis, and results for them are not shown in the table. Other work 
are rather in mutual agreement, except for G l U— (0 — 0) and H 1 A—X 1 H + (0 — 0) bands 
in [6] and [8]. These data are systematicly different but we cannot choose one of these works 
and reject the other because none of them have undoubted advantage and no more information 
on these bands is available. 

From remained 1410 wavenumber 32 were rejected as rough errors according to "3<r-rule" . 
As a result we found 529 rovibronic term values for 12 electronic states of 11 B 1 H isotopomer of 
boron hydride molecule. The values with their standard deviations are listed in tab. 3. 
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Figure 1. Grotrian diagram of singlet electronic- vibrational states and emission and absorption 
bands experimentaly studied by now. Symbols of electronic states (in Herzberg notation) are 
shown on the left-hand side and vibrational quantum numbers on the right-hand side of vibronic 
levels. 
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Table 1. Maximum values of rotation quantum number J" of the lower vibronic state for 
experimentaly studied bands. Upper indices denote references to original works. 
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Table 2. Characteristic of used data by bands, a — our estimation for standard deviation of 
wavenumbers, erg and 5% — obtained standard deviation and bias of £ variable (see text). 
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Table 3. Energy levels E njV! j (with standatd deviations) of 11 B 1 H isotopomer of boron hydride 
in cm -1 . N v denotes number of used spectral lines. 
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Table 3. (continued) 
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Table 3. (continued) 
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943R4 q t^n/'i n"! 


Q 

y 


zuouo.uyu^o j 


Q 

y 


98DQD 8^9H 1 
zouyu.ooz^ii 1 


c; 







X X 


94<S1 8 3D1 (\ 1 

i^iUlO.dUll 11 1 


7 


^UUUI.OUUI 1U 1 


Q 

y 


zoou4.oyzi 10 1 


c; 







12 


948Q3 779 H 3^ 


7 


ZOOOl.OZd^ll J 


Q 

y 


ZOOO'i.oOO^ll J 


/i 






1 3 




u 


971 ^7 fl c i7f1 ^1 


7 


98781 44^(1 ^"l 

1 O 1 .44J I IO 1 


O 






14 


9^07 fi1 lilf,) 


4 

4: 


974^1 AIR(IA) 

Zj I 1.4:001 14: 1 


8 
o 












9^84^ OfiQH 7"! 


4 

4 


9774^ Q81 flfil 

— I 1 4:0.^/011 1U 1 


u 










16 


9R9D9 1 87(181 


c; 

O 


9807S Q1 9C1 7"l 


u 










17 


9fi^78 Ak(D\ 
zoo ( o.^oyz j 


/l 
4: 




o 










1 8 


9fiQ73 9fif9"l 


O 


9878^ 1A(A) 


4 

4: 










19 


97^&fi fl9f9^ 

Z, 1 OOU.Uzl z J 


O 


9Q1R1 1Q^"l 
iyiui.iyid i 


A 

4: 










2D 


Z ( OlU.Ul ^O J 


o 


90^9 QA(^~\ 
zuooz.u^yo j 


1 
1 










21 

_ X 


9&9fi9 


o 














22 


28724 89f3) 


4 














23 


29202.16(3) 


3 














24 


29693.44(4) 


3 














25 


30198.00(3) 


3 














26 


30714.41(5) 


1 
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Table 3. (continued) 



C n A+ 



J 


v = 


w = 1 


u = 2 


Tl,V,J 


/V 


E 

J -'n,v,J 


/V 


J -'n,v,J 


/V 


2 


461 78 53(91 




486Q4 490(4 51 


3 


51117 979H 

will 1 .Zj 1 ZjI-Lc/I 




3 


4695S 864H ^ 




48767 459(4 Vi 


3 


^1 1 87 Ql 5f1 61 




4 


46354 1 26(1 31 




48864 583(1 31 




51281 968riQl 




5 


4647Q 948f1 ^1 


o 


48Q85 7Q4(4 31 


3 


51 ^QQ ^9f9l 




\J 


4669Q DQ1 H ^1 


Q 

o 


4Q1 ^0 Q^7f1 ^1 


Q 
O 


^1 ^^Q R^f\( 1 Ql 


Q 



7 




o 


4Q9QQ &60M ^1 




^170^ ^7f9l 




8 


47009 1 61 


9 
z 


4Q4Q9 9QQM ^1 


Q 
O 


^IRRQ 6Q^M6l 


Q 



q 


47994 Q7QM 61 




4Q708 1 QOM ^1 




^90Q^ 64f9l 




10 


47471 651 fl 41 




40047 1 1 nfi 6l 


9 


59S9Q 89f9l 


9 


11 


/1 77/1 1 Qnfif'l ^"l 


Q 

o 


^nons 879M «\ 
ouzuo.o i zyiu) 



O 


QZooo.zvyo ) 


1 
1 


1 9 


480^5 445f1 51 


O 


50403 1 6nn 51 


3 


59858 ^Dfl 1 1 


1 

X 


13 


48^51 Q^9H 71 


Q 
O 


^07QQ 604M Ql 


Q 
O 






14 


486Q1 n^fiMQ"! 


9 

Z 


^1 1 97 Q90M Ql 


9 
z 








4Q059 ^!5f9l 


i 

X 


^1477 81 f9l 


9 






16 


AQA^ AAf9l 
^y^oo.^t^i z i 


O 
z 


£1 C/17 SCil'Q^ 


1 
1 






1 7 


49840 09(141 


2 


52240 35 (3) 


1 






18 


50265.25(9) 


1 


52652.22(4) 


1 






19 


50711.56(3) 


1 


53083.57(9) 


1 






20 


51177.71(3) 


1 










21 


51663.35(3) 


1 











C n A- 



J 


v = 


v = 1 


v = 2 


E 7 

J -'n,v,J 


K 


E 7 


K 


E 7 

J - J n,v,J 


K 


2 


46178.54(2) 


3 


48694.484(15) 


3 


51117.24(3) 


3 


3 


46253.846(13) 


3 


48767.438(15) 


3 


51187.906(19) 


3 


4 


46354.121(13) 


3 


48864.573(13) 


3 


51281.977(16) 


3 


5 


46479.247(13) 


3 


48985.809(13) 


3 


51399.320(19) 


3 


6 


46629.096(13) 


3 


49130.944(13) 


3 


51539.850(16) 


3 


7 


46803.450(13) 


3 


49299.858(13) 


3 


51703.367(16) 


3 


8 


47002.24(14) 


2 


49492.357(16) 


2 


51889.698(17) 


3 


9 


47224.978(14) 


3 


49708.170(16) 


2 


52098.613(17) 


3 


10 


47471.668(14) 


3 


49947.118(14) 


3 


52329.86(2) 


2 


11 


47741.913(17) 


2 


50208.865(14) 


3 


52583.21(3) 


1 


12 


48035.452(18) 


2 


50493.146(17) 


2 


52858.35(3) 


1 


13 


48351.924(19) 


2 


50799.602(16) 


3 


53155.02(3) 


1 


14 


48691.00(2) 


2 


51127.981(19) 


2 






15 


49052.33(2) 


2 


51477.78(2) 


2 






16 


49435.46(2) 


2 


51848.71(3) 


1 






17 


49839.98(2) 


2 


52240.27(4) 


1 






18 


50265.53(3) 


1 


52652.23(3) 


1 






19 


50711.56(3) 


1 


53083.99(4) 


1 






20 


51177.67(3) 


1 


53535.01(4) 


1 






21 


51663.35(3) 


1 










22 


52168.12(3) 


1 
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Table 3. (continued) 



B 1 ^ 



J 


w = 


v = 1 


u = 2 


v = 3 


Tl,V,J 


N 


Tl,V,J 


N 




N 






n 


^9348 70(91 


9 


^d^Qd 7Q(9l 






9 


^8^84 61 (1 11 

iJOJUt:.U11 11 ) 


1 

X 


1 


^9^70 QR8M 7\ 




54R1 7 £4Rf1 8^ 






9 
z 


tJOUUtJ.UUl O J 


9 
z 


2 


5241 Q 27Qf1^ 




5466^ 80QM 

UTiUUtJ .OUJI X 1 


7 


F )fi7Q8 71 


9 


5JO \J\J 5j . tjtj 1 O J 


9 

Zj 


3 


52491.644(13) 


5 


54732.755(15) 


7 


56885.20(8) 


2 


58746.10(11) 


1 


4 


Q7R(1 31 
ozoo I .y 1 oyLo J 


r. 



KA&9A /17D(1 x.\ 
O^toz^t.^t 1 U^IO J 


7 


ooyyo.zi yo ) 


9 
Z 






r. 
o 


^9708 1 8^(1 31 


c; 


c i4Q38 809(1 81 


c; 


^71 99 9^(191 


1 

X 






6 


^98^9 061 (1 31 


c; 

O 


KK07X, 77Q(1 81 


c; 










7 

8 


^301 Q 4^6(1 3"! 

^391 n 1 38(1 31 


K 
o 

K 

o 


^93^ 9fi(9l 
^41 f> 3<S9(1 81 


Q 

o 










Q 


^3/193 87Q(1 31 


r. 



q ^fi^d ^1 
oooiy.ooo^io j 


A 










1 n 

-LU 


^fifif) 3 c i4(14l 


K 
o 


^844 30Q(1 Ql 


9 










11 


ooy iy.z i u^ioj 


K 
O 


^finan 9fi(9l 
ouuyu.zu^z j 


o 
z 










1 9 

X Z, 


K/ionn 39(91 

O^iZUU.OZl Z ] 


o 
z 


JUOd ( .UO ^Z J 


o 
z 










1 3 


^4^(13 (18(91 


Q 

o 














14 

It: 


^4897 1 7(^1 


9 
z 














XtJ 


cci 79 9^1^ 


9 
z 














.LU 




9 
z 














1 7 


^Q93 4<S(fil 


9 














18 


56328 53f6l 


2 














19 


56752.52(6) 


2 














20 


57194.86(6) 


2 














21 


57655.23(8) 


1 














22 


58132.60(8) 


1 
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Table 3. (continued) 



C 1 S+ 



J 


w = 


v = 1 


w = 2 


v = 3 


E 


/V 


K 




K 




E 


N 


n 


KKQQQ 79f'Q\ 
ddOOO. ( / 


O 
z 


577fin 9fif'3"\ 
d I i uu.zu^o J 


1 

1 


dyyuu.zo^d j 


1 
1 






i 

x 


55358 i sr9"i 


6 


57793 00(14^1 


9 




9 


691 071^ 


9 


2 


55406 879f1 


7 


57770 78f9"l 


d 


60098 ossr^i 


d 


691 SO 6Ql'4'l 




3 


5547Q Q1 (9\ 


7 


57841 1Qf9^ 


9 
z 




Q 

d 


(S9944 8 ^('4^1 


Q 

o 


A 


55577 1 5f9"l 


7 


57Q34 Q8f9^ 


Q 

d 


(SD1 Q^1 ('\ (\\ 


Q 

d 


UZddX.lZld 1 


9 




556Q8 467M 

ddUyO.^iU 1 I -Ly 1 


u 


58D51 QC\(9\ 
doud-L.yuiz i 


Q 

d 


(SD9QR 499M 
uuzyo.TiZZ i iu i 


Q 

d 


UZ^idO.OUl U 1 


9 

Zj 


6 


55843 7fif9"l 


c; 
o 


doiyi.yu ^z j 


Q 
d 


uu^dz.yyz ^ iu j 


Q 
d 


R9^fi7 ^QM 1 
uzou ( .dy^i i j 


9 
z 


7 


OUUIZ.OU^Z J 


c; 
o 


doddi.yz ^z J 


Q 
d 


uudoy.du^^iu j 


Q 
d 






8 
o 


5<S9n5 38r9"l 

dUZUd .dO \ Z 1 


K 

o 


5854D 5Qf9 N l 


9 
z 


UU 1 UU.UdUl 1U 1 


Q 
d 






Q 


5R491 31 


A 


58748 79(9^ 

dO 1 ^±0. 1 Z^Z J 


9 
z 










1 n 


5<S(Sfin 33r9"l 

JUUUU.Odl i 1 


A 


tjoy i y.Utdiz i 


Q 

d 










11 


5RQ99 C\7(9\ 
ouyzz.u i ^z j 


Q 
d 


oyzoi.ozi z i 


Q 
d 












579n<S f ?4l'9 N l 


Q 

o 


tjytJUtj .i i l z i 


Q 

d 










13 


5751 9 79f9 N \ 
d ( OIZ. 1 Z^ZJ 


Q 
d 


dyouu.oa^d j 


Q 
d 










±4: 


5784D RQO^ 


Q 

o 


UUl 1\J .H: t Id 1 


Q 

d 










15 


581 QD 451"^ 

dOiyU.^idld 1 


Q 

o 




9 
z 










16 


58561 m f3"i 


"1 

o 


6080Q R7( r {') 












17 


58Q59 1 1 f3"l 


"1 

o 


61 1 86 SQl"^ 


d 










18 


c;qq«q 97^ 


Q 
d 


R1 ^89 C\A( A\ 


9 
z 










1 Q 

1 y 


oy i y^t.io^o ) 


Q 
d 


R1 QQR AA(A\ 

oiyyo. ^i^t j 


9 
Z 










9fl 
zu 


(SD944 V\7CX\ 


Q 

o 














21 


60712 65(4) 


2 














22 


61199.31(4) 


2 














23 


61703.63(4) 


2 














24 


62224.77(5) 


1 














25 


62762.53(5) 


1 















J 


u = 




J 


w = 




J 


v = 




N v 




N v 




N v 


1 


61128.87(14) 


2 


1 


61130.0(2) 


1 





61872.32(6) 


1 


2 


61175.68(14) 


2 


2 


61179.3(2) 


1 


1 


61898.53(4) 


2 


3 


61245.93(14) 


2 


3 


61253.1(2) 


1 


2 


61950.64(4) 


2 


4 


61339.57(14) 


2 


4 


61351.4(2) 


1 


3 


62028.83(4) 


2 


5 


61456.7(2) 


1 


5 


61474.0(2) 


1 


4 


62132.63(4) 


2 


6 


61596.6(2) 


1 


6 


61620.8(2) 


1 


5 


62262.12(6) 


1 


7 


61760.0(2) 


1 


7 


61791.5(2) 


1 


6 


62416.87(6) 


1 
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Table 3. (continued) 



J 


v = 


V = 1 


J -'n,v, J 


N 


E 7 


/V 


o 


UUU f O. ± I ±*± 1 


o 


f>R9f>R Q(9) 


1 

1 


1 


(SfiDQn ^7(<S) 


A 


f>R9R^ 0(A) 

\JOZOO.\J\H: 1 


9 
z 


2 


66119 29(6) 


4 


68316 4(2) 


2 


3 


66165.20(7) 


4 


68366.0(2) 


2 


4 




A 


(\RAH 8(9) 


o 
z 


5 


fifi^l ^ 9^(8) 


A 


fiSWf) Q(9) 

\JOOZj\J .cr \Zj j 




Zj 


6 


66421 69(7) 


3 


68628 51(15) 


2 


7 

8 


66550 20 (6) 
fifi700 71 (R) 


4 
9 

Zt 






9 


8(^87^ 0^(7) 


9 

Zt 






10 


67071 30(40) 


I 






11 




9 
z 






12 


67531 20(7) 


2 






13 


67794 50 ( 7) 


2 






14 




9 

Zj 






15 


68386 93 ( 7) 


2 






16 


68714 9^(10) 


1 






17 


69063 37f1 0) 


1 






18 


69433 2(2) 


1 






19 


69823 84(1 0) 


1 

± 






20 


70232 81 (10) 


1 

± 






21 


70660 92(10) 


1 

X 






22 


71 1 07 50(1 0) 

1 11UI .(Jul lu 1 


1 

X 






23 


71571.95(10) 


1 






24 


72053.05(10) 


1 






25 


72551.57(11) 


1 






26 


73064.11(10) 


1 






27 


73594.11(11) 


1 









G 1 n+ 






G^n- 




J 


v = 




J 


w = 


E j 

J -'n,v,J 


N v 


£" 7 

•*-'n,i;, J 


K 


1 


66407.42(4) 


4 


1 


66398.06(18) 


2 


2 


66444.86(6) 


2 


2 


66421.97(6) 


2 


3 


66510.26(6) 


2 


3 


66471.09(6) 


2 


4 


66602.48(6) 


2 


4 


66544.75(6) 


2 


5 


66720.47(7) 


1 


5 


66642.82(6) 


2 


6 


66863.77(7) 


1 


6 


66765.17(6) 


2 


7 


67031.34(7) 


1 


7 


66911.69(6) 


2 


8 


67222.77(7) 


1 


8 


67082.04(7) 


1 


9 


67439.51(7) 


1 


9 


67276.15(7) 


1 


10 


67677.98(7) 


1 


10 


67493.63(7) 


1 


11 


67939.84(7) 


1 


11 


67734.24(7) 


1 


12 


68224.22(7) 


1 


12 


67997.97(7) 


1 


13 


68530.63(7) 


1 


13 


68284.09(7) 


1 



13 



Table 3. (continued) 



H 1 A + 



J 


v = 




N v 


2 


66548.30(5) 


5 


3 


66654.40(5) 


4 


4 


66784.91(5) 


3 


5 


66946.90(6) 


3 


6 


67129.62(7) 


1 


7 


67336.34(7) 


1 


8 


67566.74(7) 


1 


9 


67819.91(7) 


1 


10 


68095.33(7) 


1 


11 


68392.38(7) 


1 


12 


68710.50(7) 


1 


13 


69049.08(7) 


1 





j 

J 


v = 




N v 


2 


66543.04(5) 


4 


3 


66641.07(6) 


2 


4 


66763.06(6) 


4 


5 


66909.05(6) 


2 


6 


67081.07(6) 


2 


7 


67273.54(6) 


2 


8 


67490.70(6) 


2 


9 


67731.02(7) 


1 


10 


67994.27(7) 


1 


11 


68280.04(7) 


1 


12 


68587.84(7) 


1 


13 






14 


69267.99(7) 


1 


15 


69637.59(7) 


1 





J 


w = 


En,v,J 


N v 





67395.8(2) 


1 


1 


67420.43(15) 


2 


2 


67469.78(15) 


2 


3 


67543.90(15) 


2 


4 


67642.24(15) 


2 


5 


67765.03(15) 


2 


6 


67912.1(2) 


1 





J 


v = 






1 
2 


70056.8(2) 
70092.1(2) 


2 
2 
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